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Abstract 
Coleps hirtus viridis was the dominant species of the planktonic iliate community of Lake 
Ft~hlinger See (Germany) during the study in 1999 and 2000. Total ciliate densities ranged 
from 120 to 42,000 ind. 1-1 in 1999 and up to 8,000 ind. 1 -~ in 2000. Coleps contributed up to 
98% to both total ciliate abundance and biomass and made up an average of 64% of the total 
ciliate biomass. Oligotrichs (Rimostrombidium, Strobilidium) dominated the epilimnetic 
zone, whereas peritrich ciliates (Pelagovorticella, Vorticella) were predominantly located in 
the hypolimnion. The population maximum of Coleps changed locations from the epilimnion 
in early summer to the hypolimnion (up to 40,000 ind. 1-1) during stratification. High growth 
rates in the hypolimnion, presence of endosymbiontic algae and the ability to ingest detritus 
seem to be important for the success. 
Growth rates of Coleps in June were determined by Landry-Hassett dilution experiments in 
both the epilimnion and the hypolimnion. The instantaneous growth rates were similar in 
both layers (0.6 d-l), but a distinctly higher instantaneous mortality was estimated for the 
epilimnion. These high loss rates may be due to grazing pressure by cladocerans. 
The significance ofthe histophagous feeding of Coleps was evaluated through an experiment 
using killed zooplankton. Parts of Daphnia magna were incorporated atrates of about 1,100 
,urn 3 ind. -1 h < by Coleps without endosymbiotic algae and at rates of 500 ktm 3 indA h q by 
Coleps with endosymbionts. These high feeding rates upport the conclusion that Coleps can 
use dead organic matter as an additional food source. 
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Introduction 
In the last 20 years, an increasing number of studies 
have dealt with the importance ofprotozoa in planktonic 
communities and food webs (BARK 1981; PACE & OR- 
CUTT 1981; M~LFR et al. 1991; ARNDT et al. 1993; 
WEISSE 2003). Because of their important role in the mi- 
crobial web, the inclusion of protozoa in ecological in- 
vestigations oflake plankton has become acommon fea- 
ture. The relative importance of ciliates varies with the 
lake and the season, due to the food resources and preda- 
tor pressure (MATHES & ARNDT 1994; PFISTER et al. 
2000). Ciliates play a dual role in the planktonic om- 
munity. They act as efficient grazers of small phyto- 
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plankton and thus as competitors of rotifers and crus- 
taceans, but they also may be consumed by larger zoo- 
plankters together with phytoplankton (MULLER 1989; 
SANDERS & WlCKHAM 1993; WbXCKOWSK~ 1994). 
Vertical distribution of ciliates in stratified lakes has 
been well studied (BARK 1981; GASOL et al. 1992; MAS- 
SANA et al. 1994). Stratification ofthe ciliate community 
is often characterised by an increased abundance of a 
small set of ciliate species in the pycnocline in corre- 
spondence tohigher abundances offood and limited pre- 
dation pressure (SOROKIN et al. 1972; MASSANA et al. 
1994). Most of these species belong to the genera Coleps 
and Prorodon, which can tolerate oxygen-poor condi- 
tions (MASSANA et al. 1994). Both of these genera may 
carry endosymbiotic algae, which provide free oxygen 
to their host by photosynthetic a tivity (ESTEVE et al. 
1988). 
There are different opinions about he food sources of 
Coleps. Most authors invoke the non-selective habits of 
Coleps, e.g. GRELL (1973), who considered Coleps to be 
a general "gulper", whereas MASSANA (1994) described 
Coleps as being an algivore. B~CK (1972) considered 
Coleps to be a consumer of algae, small ciliates and flag- 
ellates which are captured alive. BARK (1981) regarded 
Coleps as a scavenger feeding on the remains of dead or- 
ganisms, whereas KLAVENESS (1984) postulated that 
dead cells were not a possible food source for Coleps. 
On the other hand, SCHONBERGER (2000) and CHRISTO- 
PHER & PATTERSON (1983) cultivated Coleps on dead 
metazoans (Diaphanosoma and chopped chironomid 
larvae). Organic detritus, which is often concentrated in 
the hypolimnion, can represent a good food resource for 
a species uch as Coleps hirtus, which lives mainly in or 
near the hypolimnion. 
It has been suggested that the bearing of symbiotic 
algae permits survival when other food resources be- 
come scarce. STABELL et al. (2002) showed that Chlorel- 
/a-bearing Coleps can maintain positive growth at lower 
food concentrations at saturated light intensity than in 
the dark. The endosymbionts release maltose (DROOP 
1963; MUSCATINE et al. 1967; KARAKASHIAN 1975) and 
oxygen (ESTEVE et al. 1988) which are available to the 
hosts and permit hem to remain in areas with both low 
phytoplankton densities and low oxygen concentrations. 
This high tolerance nables the ciliates to avoid high 
predator abundances and reduces losses due to predation 
(BER6ER 1980). 
The first aim of the present study was to gather 
knowledge about planktonic iliates and to elucidate the 
differences incommunity structure and vertical distribu- 
tion in Lake Ftihlinger See. Detailed investigations were 
focused on Coleps hirtus viridis, concerning distribu- 
tion, growth rates, probable food organisms and preda- 
tors. The second goal of the study was to analyse of 
histophagous feeding behaviour of Coleps. How fast and 
to what extent can Coleps ingest dead organic material? 
And are there differences between Coleps with and with- 
out endosymbiotic algae? Up to our knowlegde, there 
are no informations about he quantity of histophagy and 
the influence of the presence of endosymbiotic algae on 
the food intake of Coleps. 
Methods 
Field study 
Lake Ftihlinger See is a meso-eutrophic gravel-pit lake 
situated in Cologne, Germany, which consists of several 
small akes connected by channels (more details in AUER 
et al. 2003). Samples were taken in Lake 4 (area 4.5 ha) 
at the deepest site (maximum depth 14 m) biweekly 
from March to October 1999 and monthly from May to 
August 2000. 
Temperature, dissolved oxygen, oxygen concentra- 
tion and pH were determined in 1 m intervals by the 
GEW (Gas-, Elektrizit~its- und Wasserwerke), Cologne. 
Ciliate, phytoplankton a d chlorophyll a samples were 
taken at depths of 0.5, 2.5, 5, 7.5, 10 and 12.5 m with a 
Schindler-Patalas trap (volume 2 1). Ciliates were fixed 
with glutaraldehyde (2% final concentration) and 25 to 
70 ml were analysed using the Quantitative Protargol 
Staining Method (QPS) (SK~BBE 1994). Determination 
of ciliates was done according to FOISSNER et al. (1990, 
1991, 1994, 1995, 1999). Phytoplankton was counted 
after sedimentation (UTERMOHL 1958). Chlorophyll a 
content was measured after extraction with ethanol (fil- 
tered volume 100-1000 ml). Metazooplankton samples 
were taken with a large Schindler-Patalas trap (volume 
20 1) from the same depths, concentrated on a 44 ptm 
sieve and fixed with 4% formaldehyde. For the analysis 
of metazooplankton, three subsamples were counted at 
50x-100x magnification, using a modified Uterm6hl 
chamber (65 x 18 x 4.2 mm, 5 ml volume). 
Dilution experiments 
Parallel experiments were carried out in the epilimnion 
and hypolimnion. Samples were taken with a pump from 
the epilimnion at depth of 2 m and from the hypolimnion 
at 7 m. The experiments followed a modification of the 
dilution design of Landry and Hasset (LANDRY & HASSET 
1982). We used a dilution series with filtered lake water 
(<0.2 pm) obtaining 40, 60, 80 and 100% of original 
lake water. The dilution experiments were run in dupli- 
cates in 4.65 1 polycarbonate bottles and were incubated 
for 48 h. Experiments were stopped with addition of glu- 
taraldehyde (2% final concentration). 25 to 100 ml of 
each bottle were filtered onto a nitrocellulose membrane 
filter (1.2 ,urn pore-size, Millipore), stained by QPS 
(SKIBBE 1994) and analysed under a light microscope. 
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Feeding experiments with Coleps hirtus viridis 
Feeding experiments were carried out with cultures of 
Coleps hirtus viridis kindly provided by STEVE WICK- 
HAM (Cologne). One culture was kept in darkness for 
three weeks in order to obtain chlorophyll-free ciliates, 
which were referred as ColepSalgae_. A second culture was 
kept at a constant light:dark cycle (12:12 h), resulting in 
the maintenance of the symbiotic algae (Colepsalgae+). All 
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Coleps cultures were fed with the algae Cryptomonas sp.
(strain SAG, Grttingen). 
Prior to each feeding experiment, both Coleps cul- 
tures were merged together and stained with DAPI (1 jug 
DAPI m1-1 A. dest.). The stained culture was washed 
four times with Volvic water and subsequently resus- 
pended in Volvic water. Specimens of Daphnia magna, 
which were used as a food organism, were stained with 
DTAF for two hours at 60 °C (SHE,R et al. 1997) and 
E 
e.- 
-o  
k-  
0 
0 - -  
2- 
4 
6 
8 
10 
12 ¸ _  
14 
Temperature [°C] 
10 20 
1999 -~ ~,~ 
(a) 
30 
0 
2 
4 
6 
8 
10 
12 
14 
Oxygen [%] 
50 100 150 200 
J 
250 0 
(b) 
Chlorophyll a [pg/I] 
20 40 60 
r d i 
(c) 
Temperature [°C] Oxygen [%] Chlorophyll a [pg/I] 
0 10 20 30 0 50 100 150 200 250 0 20 40 60 
lO I- 
-[3- May -~-  June --A- July -!1- August 
Fig. 1. Vertical profile of water temperature (a, d), oxygen saturation (b, e) and chlorophyll (c, f) concentration in Lake FOhlinger See in 1999 
(upper panel) and 2000 (lower panel). 
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washed afterwards with Volvic water three times to re- 
move the staining solution. 
Feeding experiments were performed on tissue cul- 
ture plates (Starsted ®, 24 wells). Each well was stocked 
with 2 ml of the stained Coleps culture and one Daph- 
nia, which was torn in pieces by two needles. After an 
incubation time of 5, 10, 15, 20, 30 and 60 minutes, re- 
spectively, the experiments were stopped by adding 
40 H1 glutaraldehyde (2% final concentration). Daphnia 
fragments were removed and washed with 1 ml Volvic 
water to remove attached Coleps. The fixed samples 
were filtered on black polycarbonate filters (pore size 
0.8 Hm, Nucleopore ®) and frozen (-20 °C) immediately. 
All experiments were run in three replicates. 
The filters were analysed using epifluorescence mi- 
croscopy (Zeiss Axioscop). Specimens of Coleps were 
identified through DAPI fluorescence (BP 365, FT 390, 
LP 395), ingested Daphnia tissue was recognised by 
green fluorescence of DTAF (BP 450-490, FT 510, LP 
520), and the presence of endosymbiotic algae was de- 
termined through the auto-fluorescence of chlorophyll. 
The dimensions (length, width) of each Coleps and its 
vacuoles were measured and the volumes were calculat- 
ed using the formula for a rotation ellipsoid. Changes of 
the body dimensions due to fixation and preparation 
were not taken into account. 20-100 individuals were 
analysed per replicate. 
The ingestion (I) was assigned as the total vacuole 
volume per individual, the feeding rate (F) was calculat- 
ed from the ingestion (I) over the incubation time (t): 
F [kim 3 ind. -1 h -1] = I Lum 3] / t [min] x 60 
Results 
Abiotic factors and chlorophyll a 
The thermal stratification of Lake Fiihlinger See was 
similar in both years; it started in May and was well es- 
tablished in July and August (Fig. la, d). The meta- 
limnion was located at a depth of between 5 and 7.5 m. 
In the epilimnion, the temperature ached maximum 
values of 23 °C in July 1999 and 22.5 °C in August 
2000, whereas the hypolimnetic temperature anged be- 
tween 7 and 14 °C during the investigation i both years. 
The oxygen saturation in the epilimnetic zone was al- 
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Fig. 4. Abundance of Coleps hirtus 
viridisin Lake FOhlinger See in (a) 1999 
and (b) 2000. 
ways high during the study period (120-140%) and 
reached maxima of about 200% in both years (Fig. lb, 
e). In the hypolimnion, the oxygen saturation strongly 
declined and the water column below 10-11 m became 
nearly anoxic (< 1% oxygen saturation). In 1999, chloro- 
phyll concentration hardly exceeded 5 Hg 1-1, except in 
May, whereas it ranged between 2 and 50 Hg 1-1 for most 
of the samples in 2000 (Fig. lc, f)., Extremely high con- 
centrations of up to 80 Hg chl. 1-1 were also observed, 
particularly in the hypolimnion. These high concentra- 
tions can be related to the dense populations of pho- 
totrophic purple bacteria in these layers. 
Temporal and vertical distribution of ciliates 
Total ciliate densities ranged from 20-42,100 ind. 1-1 ,
and the ciliate biovolume varied between 708 and 
375,000 Hm ~ m1-1 (Fig. 2). High ciliate biovolumes were 
only observed at high densities of Coleps hirtus viridis, 
which had an individual average biovolume of 9670 
Hm 3. Maximum biomass occurred in June and October 
1999 and in June 2000. 
At the beginning of investigation in March 1999, 
oligotrichs (mainly Rimostrombidium spp.) were abun- 
dant mainly in the epilimnion (Fig. 3, left panel). The 
population density increased at a depth of 2.5 m from 
380 ind. 1-1 in March up to 1140 ind. 1 -l in May. In June, 
oligotrichs were reduced in the epilimnion, but showed 
high abundance in the hypolimnion (12.5 m). A second 
density peak was observed in August in the epilimnion 
(3000 ind. 1-1). The occurrence of peritrichs (Pelagovor- 
ticella mayerii, Vorticella sp.) was mainly restricted to 
spring, showing fairly high abundances in May at 0.5 m 
depth (560 ind. 1-1). Prostomatids, almost exclusively 
represented by Coleps hirtus viridis, were largely re- 
stricted to the hypolimnion. They reached about 40,000 
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Table 1. Starting conditions of dilution experiments in Lake F0h- 
linger See (12.5.2000). 
Epilimnion Hypolimnion 
Water temp. [°C] 16.0 7.2 
Chlorophyll [tJg 1-1] 13 25 
Coleps [ind. I-q 387 640 
Copepods ~ [ind. I-J 19 9 
Cladocerans [ind. I -~] 20 10 
Copepodids and adults (mainly Cyclops bohater). 
ind. 1-1 at 12.5 m depth in June and peaked again in Octo- 
ber. Other ciliates were observed in March in all layers, 
and in August and October mainly in the hypolimnion 
(up to 8700 ind. 1-1), where they were mainly represented 
by hymenostomatid c liates (Dexiotricha granulosa). 
During 2000, oligotrichs, dominated by Rimostrom- 
bidium spp., showed high abundances in June, with a 
maximum in the epilimnetic zone (2460 cells 1-1 in 
2.5 m) (Fig. 3, right panel). The amount of this typical 
pelagic group declined strongly in July (450 ind. 1-1 in 
0.5 m) and remained at low levels in August. Peritrichs, 
mainly represented by Pelagovorticella n tans, were lo- 
cated mainly in the hypolimnion in May (1660 ind. 1-1 at 
10 m) and June (560 ind. 1-1 at 10 m) and declined to 
40 ind. 1-1 over the following two months. Prostomatids, 
predominantly represented by Coleps hirtus viridis, 
were mainly located at a depth of 2.5 and 5 m in May. 
When the lake became stratified in June, the prostom- 
atids reached their maximum abundances in the hy- 
polimnion (up to 6100 ind. 1-1), and decreased later on in 
August. Other ciliate groups as gymnostomatids (Lag- 
ynophrya acuminata), hymenostomatids and pleu- 
rostomatids (i.e. Litonotus sp.) showed no distinct verti- 
cal distribution throughout the investigation period, ex- 
cept for hymenostomatids, which reached a maximum 
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abundance in July with 3360 ind. 1-1 in the hypolimnion 
at 10 m (Dexiotricha granulosa). 
Coleps hirtus viridis 
The prostomatid Coleps hirtus viridis dominated the cil- 
iate biovolume on most sampling dates (Fig. 2). Its con- 
tribution ranged between 3 and 98% with an average of 
64% for both years. 
The population of Coleps howed two distinct peaks 
in 1999 (Fig. 4a) with about 40,000 ind. 1-1 in June and 
nearly 30,000 ind. 1-1 in October. These high densities 
were always located in the hypolimnion. In 2000, 
Coleps densities remained lower and reached a maxi- 
mum value of 6,920 ind. 1-1 in June (Fig. 4b). The verti- 
cal distribution changed over the season and showed 
high numbers in the upper layers (up to 3,000 ind. 1-1 )
during mixis in May. The population was restricted to 
the hypolimnion with the onset of stratification. Coleps 
was found at about six times higher densities in the hy- 
polimnion (6,920 ind. 1-1) than in the epilimnion (1,060 
ind. 1 -~) throughout this time. The population strongly 
declined in August, reaching a maximum of 680 ind. 1-1 
in 5 m depth. 
Dilution experiments 
The starting conditions in the ambient lake water dif- 
fered between the two layers. The chlorophyll concen- 
trations and the initial densities of Coleps, copepods 
(mainly Cyclops bohater and Thermocyclops sp.) and 
cladocerans (mainly Ceriodaphnia quadrangula) were 
generally higher in the hypolimnion than in the epi- 
limnion treatment (Table 1). Similar instantaneous 
growth rates (Fig. 5) were estimated for the two layers 
(epilimnion: 0.603 d -1, hypolimnion: 0579 d-l), but the 
grazing coefficients trongly differed (0.609 d -1 and 
0.228 d -1, respectively). 
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Feeding experiments 
Coleps started to ingest Daphnia material immediately 
after it was added (Fig. 6). After 60 min, the mean inges- 
tion of Coleps without endosymbionts (Coleps~g,~_) 
reached 530 ,urn 3 ind -~ in experiment 1, and 570 #m 3 
ind -~ in experiment 2.The total ingestion of Coleps with 
endosymbionts (ColepSatgae+) was much lower, making 
up 180 #m 3 ind. -~ after a feeding time of 60 min in ex- 
periment 1and 180 ,urn 3 ind. -~ in experiment 2 (Fig. 6a). 
Total ingestion was significantly different for Coleps~g,~_ 
and Coleps~g,~+ in experiment 1 at all times (p _ 0.001, 
ANOVA). The same was true for experiment 2, except 
for the ingestion value after five minutes. 
Based on the ingestion after 20 minutes, ColepXalgae_ 
had a feeding rate of about 1,100 ktm 3 ind. -~ h -~ and 
ColepXalgae + of about 500 ktm 3 ind.-~ h -1 (Fig. 6b). Feeding 
rates showed an exponential decline during the incuba- 
tion time. 
Discussion 
The spatial and temporal distribution of dominant plank- 
tonic ciliates in 2000 showed atypical pattern of a ciliate 
community in a stratified lake (GAsoL et al. 1992; MAS- 
SANA et al. 1994). Oligotrichs were mainly located in the 
epilimnion, ingesting nano- and picoplankton, whereas 
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bacteriovores appeared in the hypolimnetic zone. Per- 
itrichs may benefit from the high bacterial density in the 
hypolimnion (BLOEM et al. 1989; FENCrmL 1990). Pros- 
tomatids, mainly represented by Coleps hirtus viridis, 
inhabited the hypolimnion in high abundances during 
stratification of the lake. The ciliate community in 1999 
was rather similar, except for the peritrichs which were 
only abundant in March and May. 
During stratification, Coleps hirtus viridis was highly 
abundant in the hypolimnion in June and July in both 
The pelagic ommunity of a gravel pit lake 195 
years, with almost en-fold higher densities in 1999 than 
in 2000. Its vertical distribution isconsidered to be the re- 
sult of an uneven dispersal of food resources and predator 
pressure. Coleps population maximum was mostly situat- 
ed close to the highest algal concentration (Fig. 7). Simi- 
lar results were obtained from other authors who found 
Coleps to be most abundant in the metalimnion, where 
one of its main food sources, Cryptomonas sp., was accu- 
mulated during stratification (GASOL et al. 1993; MAS- 
SANA et al. 1994; HADAS et al. 1998). 
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As a second driving force, cladoceran densities 
should have affected the vertical distribution and the 
abundance ofColeps. Whenever cladocerans, especially 
Daphnia, were present in high numbers (e.g. in June or 
August), Coleps abundance decreased drastically in the 
epilimnion. At the time of the establishment of the 
Daphnia population in June, Coleps survived in high 
numbers in the hypolimnion at low predation pressure 
(Fig. 7, June), even at low light conditions due to low 
Secchi depth of 3 m. In August, when the light condi- 
tions were the same as in June, the strong increase of 
cladoceran density in the hypolimnion (up to 140 ind. 
1-1) reduced the Coleps population down to 10% of the 
maximum abundance in June. In Lake Cis6, analyses of 
the potential impact of copepods and cladocerans re- 
vealed that cladocerans could potentially eliminate the 
entire Coleps population i  a single day, whereas cope- 
pods had only minor effects (MASSANA et al. 1994). Be- 
sides direct predation, Daphnia can reduce ciliate abun- 
dance via interference and by effective competition for 
food resources (WICKHAM et al. 1993; JACK et al. 1993; 
MASSANA et al. 1994; SARNELLE 1997). PEDR6S-ALI6 et 
al. (1995) described vertical migrations performed by 
Cryptomonas nd Coleps following a diel rhythm in 
order to avoid predation pressure. We have no data about 
diurnal changes in Lake Ftthlinger See, but seasonal 
changes in the vertical distribution of Coleps seem to 
confirm a predation-avoidance behaviour. Therefore, the 
spatial evasion of Coleps into the hypolimnion might 
have two causes: Increased food supply (higher density 
of cryptomonads) and predator avoidance (lower densi- 
ties of cladocerans). 
The estimated instantaneous mortality rates from the 
dilution experiment also indicated the influence of pre- 
dation pressure on Coleps. The mortality in the epil- 
imnion was significantly higher than in the hy- 
polimnion, which can be attributed to predation by the 
higher abundant zooplankton. The fact that he estimated 
instantaneous growth rates were in the same range 
(0.579 and 0.609 d -1) confirm the assumption of a top- 
down control of Coleps. 
BARK (1981) described Coleps as a scavenger, feed- 
ing on the remains of dead organisms; SCHONBERGER 
(2000) cultivated Coleps on dead Diaphanosoma for 
several months. Our feeding experiments confirmed that 
Coleps is able to feed on dead organic material and 
demonstrated that the determined feeding rate (500/~m 3 
ind. -x h -1) was in the same range as reported for Cryp- 
tomonas phaseolus (PEDR6S-ALI6 1995) with 450 ptm 3 
ind. -1 h -1. Direct observations of the feeding behaviour 
revealed that introduced organic tissue was attacked im- 
mediately. Individual Coleps attached to the surface 
with the flexible cytopharynx and ingested the organic 
material by suction. Within a few minutes, the cell vol- 
ume of an individual Coleps can increase up to 150% 
(own observations). The highest uptake rates were al- 
ways measured in the first five minutes of the experi- 
ments (see Fig. 6b). 
The bearing of endosymbiotic algae seems to be prof- 
itable not only in terms of oxygen supply, but also for 
nutrition. Coleps with endosymbionts had a significantly 
lower feeding rate than Coleps without phototrophic en- 
dosymbionts in both experiments. It has been suggested 
that he algae release some of their photosynthetic prod- 
ucts (e.g. maltose) to their host (CHRISTOPHER 8¢ PATTER- 
SON 1983; ESTEVE et al. 1988). An individual Coleps can 
contain 30 to 40 symbiotic ells which have been identi- 
fied as Chlorella vulgaris var. vulgaris (ESTEVE et al. 
1988). This means that a volume of 7-17% of a Coleps 
cell can be considered tobe phototrophic ( CHRISTOPHER 
PATTERSON 1983; ESTEVE et al. 1988). The striking 
difference between the feeding rates of ColepSalgae + and 
Coleps~g~e_ indicates that photosynthetic products re- 
leased by endosymbiotic algae may represent a quite im- 
portant additional food source and make a significant 
contribution to the carbon budget of the ciliate, as is 
known to be true for oligotrichs (STOECKER 1991). 
The high tolerance for low oxygen concentration, the 
wide food spectrum (including histophagy) and the pres- 
ence of endosymbiotic algae enables Coleps hirtus 
viridis to survive in a variety of habitats and to avoid un- 
favourable conditions. Its complex position within the 
planktonic food web is demonstrated by the fact that 
Coleps is consumed by metazooplankton  the one 
hand and directly feeds on their remains on the other 
hand. These findings are in accordance with literature 
data reviewed in FOISSNER et al. (1999). The potential 
nutritive value of histophagous feeding has to be evalu- 
ated in further experiments. 
Acknowledgements 
This study was supported by the DFG (Deutsche Forschungs- 
gemeinschaft) within SFB 419 "Environmental problems of 
industrialised regions: Scientific solution strategies and socio- 
economic implications." We would like to thank the GEW 
(gas, electricity and waterworks) Cologne for help in field- 
work and measurements of abiotic parameters. Thanks to A. 
Scherwag for her assistance in ciliate taxonomy. A special 
thanks goes to M. Claessens-Kenning and S. Wickham for 
supplying us with Coleps and algae cultures. 
References 
ARNDT, H., KROCKER, M., NIXDORF, B. 8z KOHLER, A. (1993): 
Long-term annual and seasonal changes of meta- and proto- 
zooplankton i Lake Mtiggelsee (Berlin): Effects of eu- 
trophication, grazing activities, and the impact of predation. 
Internat. Revue ges. Hydrobiol. 78: 379--402. 
Limnologica (2004) 34,187-198 
The pelagic ommunity of a gravel pit lake 197 
ARNDT, H. (1994): Protozoen als wesentlicbe Komponente 
pelagischer (3kosysteme von Seen. Kataloge des OberGster- 
reichischen Landesmuseums N. F. 71: 111-147. 
AUER, B., KIERTUCKI, E. & ARNDT, H. (2003): Distribution of 
heterotrophic nano- and microflagellates in sediments of 
two small mesotrophic lakes. Arch. Hydrobiol. 158: 
127-144. 
BARK, A. W. (1981): Studies on ciliated protozoa in eutrophic 
lakes: 1. Seasonal distribution i  relation to thermal stratifi- 
cation and hypolimnetic anoxia. Hydrobiologia 85: 
239-255. 
BERGER, J. (1980): Feeding behaviour of Didinium nasutum 
on Paramecium bursaria with normal apochlorotic 
zoochlorella. J. Gen. Microbiol. 118: 397-404. 
BLOEM, J. & BXR-GILISSEN, M.-J. B. (1989): Bacterial activity 
and protozoan grazing potential in a stratified lake. Limnol. 
Oceanogr. 34: 297-309. 
CHRISTOPHER, M. H. & PATTERSON, D. J. (1983): Coleps hirtus, 
a ciliate illustrating facultative symbioses between protozoa 
and algae. Annales Station Biologique Besse-en-Chandesse 
17: 278-296. 
DROOP, M. R. (1963): Algae and invertebrates in symbiosis. 
Gym. Soc. Gen. Microbiol. 13: 171-200. 
ESTEVE, I., MIR, J. & GAJU, N. (1988): Endosymbiont of 
Coleps from Lake Cis6 identified as Chlorella vulgaris. 
Symbiosis 6: 197-210. 
FENCHEL, T. (1980): Suspension feeding in ciliated protozoa: 
Feeding rates and their ecological significance. Microb. 
Ecol. 6: 13-25. 
FENCHEL, T., KRISTENSEN, L. D. & RASMUSSEN, L. (1990): 
Water column anoxia: vertical zonation of planktonic proto- 
zoa. Mar. Ecol. Progr. Ser. 112: 1-10. 
FINLAY, B. J., CLARKE, K. J., COWLING, A. J., HINDLE, R. M., 
ROGERSON, A. & BERNINGER, U. G. (1988): On the 
abundance and distribution of protozoa nd their food on 
a productive feshwater pond. Europ. J. Protistol. 23: 
205-217. 
FOISSNER, W., BLATTERER, H., BERGER, H. & KOHMANN, F. 
(1990, 1991, 1994, 1995): Taxonomische und 6kologische 
Revision der Ciliaten des Saprobiensystems - Band I-IV 
Bavarian State Office of Water Management (Editor and 
Publisher), Mtinchen. 
FOISSNER, W., BERGER, H. & SCHAUMBURG, J. (1999): Identifi- 
cation and ecology of limnetic plankton ciliates. Mtinchen. 
GASOL, J. M., PETERS, F., GUEm~CRO, R. & PEDROS-ALI0, C. 
(1992): Community structure in Lake Ciso biomass alloca- 
tion to trophic groups and differing patterns of seasonal suc- 
cession in the meta- and epilimnion. Arch. Hydrobiol. 123: 
275-303. 
GReLL, K. (1973): Protozoology. 
HADAS, O. & BE~MAN, T. (1998): Seasonal abundance and 
vertical distribution of Protozoa (flagellates, ciliates) and 
bacteria in Lake Kinneret, Israel. Aquat. Microb. Ecol. 14: 
161-170. 
JACK, J. D. & GILBERT, J. J. (1993): Susceptibilities of differ- 
ent-sized ciliates to direct supression by small and large 
cladocerans. Freshwater Biol. 29: 19-29. 
KARAKASHIAN, M. W. (2003): Symbiosis in Paramecium bur- 
saria. Sym. Soc. Gen. Microbiol. 29: 145-173. 
KLAVENESS, D. (1984): Studies on the morphology, food selec- 
tion and growth of two planktonic freshwater strains of 
Coleps p. Protistologica 20: 335-349. 
LANDRY, M. R. 8,: HASSETT, R. E (1982): Estimating the graz- 
ing impact of marine micro-zooplankton. Mar. Biol. 67: 
283-288. 
MASSANA, R., GASOL, J. M. & PEDROS-ALIG, C. (1994): Inter- 
rupted succession of ciliate communities in sharply strati- 
fied metalimnia. Mar. Microb. Food Webs 8: 1-12. 
MASSANA, R., GASOL, J. M., Jf2RGENS, K. & PEDROS-ALI6, C. 
(1994): Impact of Daphnia pulex on a metalimnetic micro- 
bial community. J. Plankt. Res. 16: 1379-1399. 
MATHES, J. & ARNDT, H. (1994): Biomass and composition of 
protozooplankton in relation to lake trophy in north German 
lakes. Mar. Microb. Food Webs 8: 357-375. 
MUSCATINE, L., KARAKASt~AN, S. J. & KARAKASHIAN, M. W. 
(1967): Soluble extracellular products of algae symbiotic 
with a ciliate, a sponge and a mutant hydra. Comp. 
Biochem. Physiol. 20: 1-12. 
MC~LLER, H. (1989): The relative importance of different cili- 
ate taxa in the pelagic food web of Lake Constance. Microb. 
Ecol. 18: 261-273. 
MULLER, H., SCHONE, A., PINTO-COELHO, R. M., SCHWEIZER, 
A. & WEISSE, T. (1991): Seasonal succession of ciliates in 
Lake Constance. Microb. Ecol. 21: 119-138. 
NIXDORF, B. & Ae, Z,n)T, H. (1993): Seasonal changes in the 
plankton dynamics of a eutrophic lake including the micro- 
bial food web. Internat. Revue ges. Hydrobiol. 78: 403-410. 
PACE, M. L. & ORCUTT, J. D., JR. (1981): The relative impor- 
tance of protozoans, rotifers, and crustaceans in a freshwa- 
ter zooplankton community. Limnol. Oceanogr. 26: 
822-830. 
PACE, M. L. (1982): Planktonic ciliates: their distribution, 
abundance, and relationship to microbial resources in a mo- 
nomictic lake. Can. J. Fish. Aquat. Sci. 39:1106-1116. 
PEDR(SS-ALI(), C., MASSANA, R., LATASA, M., GARCIACANTI- 
ZANO, J. & GASOL, J. M. (1996): Predation by ciliates on a 
metalimnetic Cryptomonas population - feeding rates, im- 
pact and effects of vertical migration. J. Plankt. Res. 17: 
2131-2154. 
PFISTER, G. (2000): Community analysis of pelagic iliates in 
numerous different freshwater and brackish water habitats. 
Verh. Internat. Verein. Limnol. 27: 1-5. 
SANDERS, R. W. & WICKHAM, S. A. (1993): Planktonic proto- 
zoa and metazoa: predation, food quality and population 
control. Mar. Microb. Food Webs 7: 197-223. 
SAPeqELLE, O. (1997): Daphnia effects on microzooplankton - 
comparisons ofenclosure and whole-lake responses. Ecolo- 
gy 78: 913-928. 
SCHONBeRGER, M. I. (1994): Planktonic iliated protozoa of 
Neusiedler See (Austria/Hungary) - a comparison between 
the turbid open lake and a reedless brown-water pond. Mar. 
Microb. Food Webs 8:251-263. 
SCHONBERGER, M. I. (2000): Planktische Ciliaten und Meta- 
zooplankton im Neusiedler See. Doctoral Thesis, Univ. 
Vienna. 
SHEt~, E. B. & SHEm% B. F. (1993): Protistan grazing rates via 
uptake of flourescently abeled prey. In: KEMP, P.F., SHERR, 
B. F., SHEt~, E. B. & COLe, J. J. (eds.), Handbook of meth- 
ods in aquatic microbial ecology, pp. 695-701. 
Limnologica (2004) 34,187-198 
198 B. Auer et al. 
SKIBBE, O. (1994): An improved quantitative protargol stain 
for ciliates and other planktonic protists. Arch. Hydrobiol. 
130: 339-347. 
SOROKIN, g. I. 8t PAVELJEVA, E. B. (1972): On the quantitative 
characteristics of the pelagic ecosystems of Dalnee Lake 
(Kamchatka). Hydrobiologia 40:519-552. 
STABELL, T., ANDERSEN, T. & KLAVENESS, D. (2002): Ecologi- 
cal significance of endosymbionts in a mixotrophic ciliate -
a experimental test of a simple model of growth coordina- 
tion between host and symbiont. J. Plankt. Res. 24: 
889-899. 
STOECKER, D. K. (1991): Mixotrophy in marine planktonic il- 
iates: physiological nd ecological aspects of plastid reten- 
tion by oligotrichs. In: REID, P. C., TURLEY, C. M. & 
BURKHILL, P. H. (eds.), Protozoa and their role in marine 
processes, pp. 161-179. Berlin, Heidelberg. 
WEISSE, T. (2003): Pelagic microbes - Protozoa nd the micro- 
bial food web. In: O'SULLIVAN, R & REYNOLDS, C.S. (eds.), 
The lakes handbook, Vol. I, pp. 417-460. Blackwell Scien- 
tific Publ., Oxford. 
WIACKOWSKI, K., BPd~rr, M. T. & GOLDMAN, C. R. (1994): 
Differential effects of zooplankton species on ciliate com- 
munity structure. Limnol. Oceanogr. 39: 486-492. 
WICKHAM, S. A. & GILBERT, J. J. (1993): The comparative im- 
portance of competition and predation by Daphnia on ciliat- 
ed protists. Arch. Hydrobiol. 126:289-313. 
Limnologica (2004) 34, 187-198 
